Background: Intraoperative analgesia is still administered without guidance. Anaesthetists decide upon dosing on the basis of mean population opioid pharmacological studies and in response to variations in haemodynamic status. However, those techniques have been shown to be imprecise. We assessed the diagnostic value of monitoring the analgesia nociception index (ANI) to detect surgical stimulation in children. Methods: This was an observational study of 2-to 12-yr-old patients 5 min before and after surgical incision. Hypnosis was maintained with sevoflurane and guided by bispectral index. Intraoperative analgesia was administered as a remifentanil infusion titrated to variations in haemodynamic parameters, and ANI monitor values were recorded. ANI parameters assessed included instantaneous ANI (ANIi), mean ANI (ANIm), and the relative change of ANIi to ANIm (DeltaANI¼ANIieANIm/ANIm). Statistical analyses were performed using receiver-operatingcharacteristic analysis with determination of the area under the receiver operating characteristic (AUROC) curve and the grey zone. Results: Overall, 49 subjects were included in this study. The AUROC was 0.755 (0.738e0.772), 0.771 (0.755e0.787), and 0.756 (0.738e0.774) for ANIi, ANIm, and DeltaANI, respectively. The threshold of ANI parameters indicating the presence of noxious surgical stimuli was 53%, 56%, and e13.3% for ANIi, ANIm, and DeltaANI, respectively. The percentage of subjects in the inconclusive zone was 41%, 51%, and 33% for ANIi, ANIm, and DeltaANI, respectively. Conclusions: ANI has diagnostic value for detecting surgical stimuli in children.
Intraoperative analgesia cannot be easily quantified or monitored during anaesthesia. Analgesics are administered somewhat speculatively, in the light of population pharmacokinetic models and individual patient comorbidities, and generally adjusted to variations in heart rate (HR) and arterial blood pressure (BP). However, inter-subject opioid pharmacological variability is very well established in the literature. 1, 2 Furthermore, both HR and BP are influenced by other factors, including notably hypnotic anaesthetic agent blood concentration and haemodynamic status, and have been shown to be poor predictors of analgesic requirements. 3 Over the past decade, many devices have been proposed to fill the role of analgesia monitoring both intraoperatively and after operation, and some have led to publications with promising results. Most devices rely on deriving an index of sympathetic and parasympathetic tone, 4 by ECG analysis, 5e8 or by pupillary diameter measurement. 9 The analgesia nociception index (ANI) is one such monitor that non-invasively derives an index from parasympathetic autonomic activity. 10 Noxious stimuli lead to a reduction in parasympathetic tone. The ANI monitor then derives an index value of parasympathetic tone through variations in respiratory sinus arrhythmia. In the conscious patient, an ANI score of 100 indicates maximal parasympathetic tone and comfort; a score of zero indicates minimal parasympathetic tone and pain or stress. In anaesthetised patients, optimal values are defined as scores between 50 and 70. One previous study that compared the ANI to skin conductance and pupillometry for nociception detection under general anaesthesia in children found the ANI to be more accurate in the detection of experimental noxious stimuli. 4 Moreover, one recent study in adults also found that ANI monitoring led to a reduction of both the intraoperative and postoperative opioid consumptions.
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The aims of this study were to evaluate the diagnostic value of the ANI for detecting noxious stimuli during surgery in children, and to determine ANI values indicative of noxious stimulation.
Methods
This study consisted of a prospective observational study performed from September 2016 to March 2017. It was institutional review board approved (Comit e d'Evaluation de l'Ethique des projets de Recherche Biom edicale Hopital Robert Debr e; no. 2016/307). Informed written consent was obtained from all parents, and assent or consent obtained from patients where age appropriate.
Inclusion and exclusion criteria
The inclusion criteria selected patients !2 and 12 yr of age; ASA status 1e2; and anaesthesia for ENT, abdominal, urological, or orthopaedic surgery involving incision or laparoscopic trocar placement. The exclusion criteria were the following: refusal of study participation; preoperative pain therapy; regional analgesia performed before incision; intraoperative ventilation with face mask; administration of any drug active on the sympathetic or parasympathetic nervous system (atropine, glycopyrrolate, ephedrine, epinephrine or norepinephrine, and suxamethonium); premorbid neurological, cardiac, or cognitive impairment; and ASA physical status !3.
Anaesthetic protocol
Anaesthesia and monitoring were standardised with the addition of the ANI monitor (Mdoloris Medical Systems, Lille, France). All inductions were performed on the operating table inside the operating room, using either inhaled sevoflurane or propofol (3e5 mg kg 
Data collection
General data consisted of age, weight, and surgery performed. Haemodynamic and pain-related parameters consisted of remifentanil infusion rates; HR; systolic arterial pressure (SAP), diastolic arterial pressure (DAP), and MAP every minute; and ANI data every second. The ANI monitor displays two values: ANIi, an instantaneous value calculated as a mobile mean of ANI values over 2 min of monitoring, and ANIm, a mean value calculated as a mobile mean of ANI values over 4 min of monitoring. To assess ANIi variability at any point in time, we calculated the DeltaANI¼ANIieANIm/ANIm. These data were collected from 5 min before to 5 min after surgical incision. The timing of data collection was based on a previous study, which found that ANI values to decrease to
Editor's key points
The analgesia nociception index (ANI) has been shown to detect experimental noxious stimuli in children. This study explores the diagnostic value of the ANI in detecting a surgical stimulus in children. ANI measurements were generally sensitive to surgical incision using defined cut-off points. The ANI may be a useful pain monitor in children to guide optimal intraoperative analgesia. minimum values within 1 min of incision and timing of ANIi and ANIm computation. 4 
Statistical analysis
To determine the diagnostic value of each ANI parameter (ANIi, ANIm, and DeltaANI), we first determined the time to nadir mean value over the entire cohort and for each parameter. Analysed data points included times 60 and 30 s before incision (considered as control values) and times 15 s before and after nadir values for each parameter (considered as noxious stimuli values).
Analyses were performed using receiver operating characteristic (ROC) curves with the determination of areas under the curve (AUC), sensitivity, specificity, and their 95% confidence intervals (CIs). The maximal Youden's index value (J¼sensitivityþspecificitye1) was also calculated for each parameter. We also determined the ANI parameter values maximising true positives (presence of noxious stimuli defined as incision) and true negatives (absence of noxious stimulation) with a diagnostic tolerance of 10% (sensitivity and specificity included in the 95% CI equal or more than 0.9, respectively). 12 Using these thresholds, we computed the percentages of data and patients falling within the grey zone (within values of ANI parameters defining the maximum true positives and maximum of true negatives). Descriptive statistics were displayed as mean (standard deviation) for normally distributed continuous variables; otherwise, they were expressed as median (range). Discrete variables were expressed as number (percentage). AUC, sensitivity, and specificity were expressed as mean (95% CI). Discrete variables were compared using c 2 test, Fisher's exact test, and McNemar test; the latter applied to paired data. Continuous variables were considered normally distributed when the sample size exceeded 30 measurements and the paired Student's t-test was used. Where a non-normal distribution was suspected, skewness and kurtosis tests were performed. Positive or negative results of those tests indicate a left or right concentration of values. Variables non-normally distributed were compared using the ManneWhitney U-test. Statistical analyses were performed using SPSS 22.0 software (IBM Company, Chicago, IL, USA).
Determination of the sample size
Power calculations assumed an area under ROC of 0.75, with a Type 1 error of 0.05, Type 2 error of 0.1, and null hypothesis of 0.5. A minimum of 40 patients needed to be recruited into the study. To account for patients likely to be excluded because of the administration of drugs affecting the autonomic nervous system, 60 patients were targeted for inclusion.
Results
Sixty-one patients were included in the study. Twelve were excluded for the following reasons: three because no incision was performed, one because no data were recorded, three because ANI parameters were not recorded, one because age was >12 yr, and four because treatments affecting the autonomic nervous system were administered (one epinephrine, one atropine, and two ephedrine). This left 49 patients for analysis. Table 1 displays the patient characteristic data, ASA physical status, types of surgeries performed, end-tidal sevoflurane concentration (and percentage of minimal alveolar concentration for this agent), remifentanil rate at the end of the study, and the cumulative dose of remifentanil administered during the study.
Time to nadir of ANI parameters and time to maximum of haemodynamic parameters
In 42 patients, all ANI parameters decreased after noxious stimulation. All parameters remained unchanged in seven patients (non-responders: 16.7%). Comparing responders to non-responders did not find any significant difference between these two populations (Table 1) . Across the study period, ANI parameter nadir occurred at 70, 80, and 200 s for DeltaANI, ANIi, and ANIm, respectively ( Fig. 1 ; Supplementary  Fig. S1 ). Of note, no stimulation occurred during the 10 min preceding the surgical incision. Optimal ANI values and haemodynamic parameters for determining pain
The area under the ROC (AUROC) analyses and optimal values for ANI parameters are displayed in Figure 2 and Table 2 , respectively. AUROC analyses for haemodynamic values are displayed in Table 3 . AUROC were all >0.75 for ANI parameters, while only BP (systolic arterial BP, diastolic arterial BP, and MBP) exhibited AUROC values slightly but significantly different from the identity line. J points (Youden index) were 59, 77, and e17.6 for ANIi, ANIm, and DeltaANI, respectively (Table 2) . Sensitivity, specificity, positive predictive value, and negative predictive value for these thresholds are also displayed in Table 2 .
ANI parameters indicating a noxious event with a sensitivity !90% were 53%, 56%, and e13.3% for ANIi, ANIm, and DeltaANI, respectively (Table 2) , while those indicating the absence of a noxious event with specificity !90% were !93%, !90%, and !7.1% for ANIi, ANIm, and DeltaANI, respectively ( Table 2) .
Percentages of patients exhibiting ANI parameters below the threshold defining 90% of true positives after the surgical stimulation were 59.2%, 49%, and 67.3% for ANIi, ANIm, and DeltaANI, respectively.
Discussion
The main findings of the current study can be summarised as follows: ANI parameters displayed a significant diagnostic value for detecting a surgical stimulation in children. In contrast, haemodynamic parameters were found to be of low or of no predictive value for detecting noxious stimuli.
According to our results, all ANI parameters exhibited acceptable accuracy for the detection of surgical noxious stimuli (AUROC close to 0.75). ANI parameter values indicating a noxious event with an accuracy of 90% were 53, 56, and e13.3% for ANIi, ANIm, and DeltaANI, respectively (Table 3) ; those indicating the absence of a noxious event with an accuracy of 90% were !93%, !90%, and !7.1% for ANIi, ANIm, and DeltaANI, respectively (Table 2) . These results are similar to previous studies in children and adults with an ANIi value <50 generally found to indicate the presence of noxious stimulideither induced experimentally by electrically induced tetanus or intraoperatively with surgical incision. 6, 13, 14 Interestingly, seven patients exhibited no reduction in ANI values. This proportion was also similar to those previously observed by Sabourdin and colleagues 4 in children (17%). Many hypotheses might explain this phenomenon. Although no differences in remifentanil doses were found between those patients and responders, the most likely explanation appears to be that inter-subject variability in opioid sensitivity leads to effective analgesia with low remifentanil infusion rates in this subgroup of patients. A second hypothesis would be that, in these patients, the parasympathetic autonomic system itself is directly sensitive to remifentanil, independent of analgesic effect. 15 Thirdly, given the marked inhibitory effect of sevoflurane on the parasympathetic control of the HR 16 and the sensitivity of the autonomic system to depth of anaesthesia as shown by pupillometry, 17 the parasympathetic system reactivity might be altered by hypnotic anaesthetic. However, even if hypothesising the chosen BIS range was too wide to eliminate the effect of sevoflurane on the autonomic nervous system, 16, 18 this hypothesis seems unlikely given the absence of difference in end-tidal sevoflurane concentration between responders and non-responders. Few differences were observed between ANI parameters concerning their accuracy as defined by AUROC. However, the time to ANIm nadir (200 s) was longer when compared with DeltaANI (70 s) and ANIi (80 s). In addition, the percentage of patients with inconclusive ANI values was reduced for DeltaANI (32.7%) and ANIi (40.8%), when compared with ANIm (51%). Finally, the sensitivity, specificity, and positive and negative predictive values indicate a greater accuracy of ANIm and DeltaANI in comparison to ANIm. Consequently, these two parameters appear as more reactive and more informative than ANIm.
The main advantage of a pain monitor is optimised opioid titration to avoid both overdosage, with resulting opioid induced hyperalgesia, and underdosage, with resulting postoperative pain. DeltaANI and ANIi appear the most reactive and accurate values to help achieve these goals. This is strongly supported by a recent study that found ANIi monitoring during spine surgery in adults to decrease both intraoperative and postoperative opioid use.
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ANIi and ANIm values did not return to baseline during the study time period (Fig. 1 ). This might be explained by the relatively low doses of remifentanil analgesia. This theory is strongly supported by the slight increase in remifentanil rates observed 5 min after incision and the dose-related effect of remifentanil on ANI parameters observed in the study of Sabourdin and colleagues. 4 Alternatively, the stand-alone effect of remifentanil on the parasympathetic autonomic nervous system may also partly explain this result. In contrast with ANIi and ANIm, DeltaANI values did return to baseline during the study time period. This is also unsurprising given the mathematical relationship of this parameter with ANIi and ANIm. The current study found both HR and BP to be of poor or no predictive value for detecting noxious stimuli. This confirms previous findings concerning the poor predictive value of haemodynamic parameters for intraoperative pain. 3 The current study has some limitations that must be considered. First, remifentanil was administered according to changes in haemodynamic parameters, which were once again found to be poorly predictive for noxious stimuli detection. In addition, the increase of haemodynamic parameters occurred later than changes in ANI parameters. As mentioned previously, this might have led to an increased inter-subject ANI value variability and underdosing of remifentanil. Secondly, the depth of anaesthesia was monitored to reduce the effect of inhaled sevoflurane on ANI parameters. However, this may have been insufficient to prevent anaestheticmediated changes in the autonomic system, given the independence of this effect from their hypnotic effect. In contrast, the strength of the study was ANI evaluation during typical day-to-day clinical use. However, one must keep in mind that medications influencing the autonomic system (such as ephedrine and suxamethonium) were not administered. Consequently, no formal conclusion about the predictive value of ANI can be drawn during routine anaesthesia.
In conclusion, ANI parameters, especially ANIi and DeltaANI, are reactive tools and have a significant diagnostic value for predicting noxious surgical stimuli during BIS-guided general anaesthesia in children. Further studies evaluating ANI-guided intraoperative opioid administration should be 
